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@ Polymer blends for selective biodegradabiltty. 

@ Biodegradation of a drug delivery system or temporary 
internal suture or device is controlled by preparing a blend of 
biodegradable polymers having distinct biodegradation rates. 
The resulting article has a unique biodegradation rate distinct 
from that of the component polymers. Predetermined or 
preselected biodegradation rates can be achieved by selection 
of appropriate blend components. 
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Description 

Polymer Blends For S lecttve Biodegradability 



Technical Field 

5 This invention pertains to the area of technology concerned with biodegradable materials, particularly, 
materials suitable for use in a medical/surgical context, which are eroded or destroyed, over time, in the body. 
It is also directed to the controlled release of pharmaceutical^ active substances, such as medications and the 
like. 

10 Background Art 

Advances in medical technology have resulted in an increasing focus on the provision of biodegradable 
materials, suitable for use in vivo , particularly with an eye towards long term medical/surgical care. The 
application of these biodegradable materials, predominantly synthetic polymers and copolymers, has been 
varied. Among the most important applications are the preparation of biodegradable sutures and the like, 

15 which can be used to close wounds and incisions, or provide a temporary attachment for organs and implants, 
which are subsequently replaced by natural tissue growth. The sutures, being biodegradable, are slowly 
destroyed by the bodies natural enzymatic and fluid attack over time, removing the need for persistent, and 
sometimes Invasive, medical supervision and treatment after the principle care functions have been 
completed. As a particular example, internal sutures, for closing incisions, and skin sutures, dissolve 

20 automatically, avoiding the need for a return visit as an outpatient, for removal of the sutures. 

Another critically important application has been the use of these polymers as articles for achieving 
sustained release of pharmaceutical agents, particularly through implants. In this context, biodegradable 
polymers are loaded with at least one pharmaceutically active agent, which is slowly made available to the 
patient, through at least one of a plurality of mechanisms. Thus, the biodegradable material may be simply 

25 loaded with a pharmaceutical agent, and as the polymer is bio-absorbed or bio-destroyed, the agent is 
released. Alternatively, the biodegradable material may be porous, and contain the pharmaceutically active 
ag nt(s) in a reservoir, which is released over time by diffusion. The biodegradable implant is selected so as to 
degrade with or subsequent to the release of the drug. 
In yet other applications, biodegradable materials are used to constitute, in whole or in part, temporary 

30 r placement structures, such as ligaments and the like, which are to be gradually destroyed and replaced with 
natural tissue. The structures may incorporate tissue growth augmentation materials, released as the material 
degrades. 

Examples of all these embodiments abound in the art, and are not discussed in detail, herein. One feature 
that is common to all these applications, and is immediately apparent as a critical variable, is the 

35 biodegradability of these materials. Thus, to achieve a constant rate of release, or perhaps a desired rate of 
release for a certain pharmaceutical, or to ensure a sufficient life time for the implant to allow for replacement 
by natural tissue growth, the biodegradability of the implant must be carefully controlled, and selected to 
match the desired profile. It is, therefore, obviously desirable to be able to control the biodegradability of a 
biodegradable material to be used in an implant. Attempts have been made to control, or at least selectively 

40 predict, the biodegradability of various polymers suitable for in vivo applications of this type. 

U.S. Patent 4,678,384 addresses a polylactic acid/polyglycolic acid copolymer which is biodegradable, 
utilized in the context of bone repair. The biode gradation rate of the polymer is altered by varying the 
component ratios of the copolymer. A similar approach is described in U.S. Patent 3,981,303, directed to a 
similar biodegradable system, for the controlled release of pharmaceuticals. Biodegradation is selectively 

45 altered in this application by the addition of a "disintegration agent", to accelerate bioerrosion. U.S. Patent 
4,148,871 is directed to biodegradable compositions based on e-caprolactones, which provide for sustained 
release of pharmaceuticals either from a matrix of the polymer, or a reservoir defined by the polymer. Again, 
the rate of biodegradation is a characteristic of dominating importance, and is selected or controlled by 
selective choice of the comonomers of the copolymer, changing the chemical nature of the resulting 

50 copolymer. 

A totally different approach to control of biodegradation, and therefore, pharmaceutical release rate, is 
taken in U.S. Patents 4,180,646, 3,81 1 .444 and 4,601 ,893. Each of these patents achieves alteration of the rate 
of release, and selective preparation of suitable implants having the desired release, by the provision of 
multiple layers of biodegradable polymers, each having a different copolymer composition, and therefore, a 

55 different biodegradation rate. 

These systems, and others employed in the art, are not entirely satisfactory in providing biodegradable 
materials suitable for in vivo use which can b sel ctively prepar d to achi ve a desired biodegradation rate. In 
particular, the field of monom rs, and therefore, copolymers, that are suitable for us inside th bodies of 
patients such as mammals, including humans, is severiy limited due to toxicology data d monstrating a lack of 

60 available biocompatible materials. Thus, the range of copolymers that may be prepared is similarly limited. This 
limitation is further aggrevated by the fact that not alt theoretically possible copolymers can be made, in 
actuality. Beyond relatively restrictive limitations, too much of one monomer or the other may result in a loss of 
physical charact ristics, difficulty in handling, or simply, impossibility of preparation. Additionally, 
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copolymerization presents additional problems of solvent selection, processing and th like, which may not be 
consistent with the preparation of in vivo materials. Finally, copolymerization is, at best, an inexact art. 
Europ an Patent Application 0058481 is directed to a method for continuous pharmaceutical release. Whil 
the bulk of the application is directed to the use of copolymers, there is a brief mention of the use of blends to 
achieve specific physical properties. There is nothing in the reference that suggests blending may alter s 
biodegradation rate. 

Accordingly, It remains an object of the art to prepare biodegradable materials having a preselected or 
desired biodegradation rate which can be predicted with reliability. , . !. 

Contemporaneous Developments w 

Recently, after development of this invention, the literature (Chang et al, Pharmaceutical Technology, 
October, 1986) has reported efforts to control permeability of drug-containing microcapsules by blending two 
or more polymers together (i.e., a lactone and a cellulosic nitrate). It should be noted that the only method of 
drug release contemplated or disclosed as effected by this process is permeation through the microcapsule 
wall. The article does not discuss any methods of controlling biodegradabillty. 15 

Accordingly, a method of controlling, or predetermining, the biodegradation rate In a sustained release 
format or internal structure where biodegradation plays a dominant, or contributing role, remains a pressing 
need in the industry. 

Disclosure of the Invention 20 

One object of this invention is to meet the above-identified needs of the industry, and overcome the 
obstacles encountered therein. 

It is another object of this invention to provide a drug delivery system, wherein the rate of drug release is 
determined, at least in part, by biodegradation, which has a predetermined biodegradation rate achieved by 
blending of biodegradable polymers. 25 

It is another object of this invention to provide a method whereby a drug delivery system having a controlled 
or predetermined biodegradation rate can be provided, involving the blending of biodegradable polymers. 

It is the other further object of this Invention to provide a drug delivery system comprised of a blend of 
biodegradable polymers, the biodegradabillty of the system being different from that of Its component parts. 

It is yet another object of the invention to provide biodegradable articles designed for use jn vrvo which are 30 
desirably degraded over time, such as sutures and the like. 

These and other objects are achieved by preparing an Intimate blend of two or more biodegradable 
polymers having distinct biodegradabillty values, as unblended polymers. Quite surprisingly, the biodegrada- 
tion rate for the formed article Is different froni the rate of its component polymers, and in fact, Is a rate for the 
article as a whole. Thus, while one of skill in the art would expect that a shaped article comprised of a blend of 35 
two or more porymersf subject to biodegradation, would, over time, eventually consist only of the slower 
degrading polymer, the quicker degrading polymer simply disappearing over time, in fact, an overall, distinct 
value is observed, and the component members of the polymer blend persist over time. This is particularly 
surprising because biodegradation Is believed to be a function of chemical structure, which would not be 
effected by polymer blending. 40 

Best Mode For Carrying Out The Invention 

Applicants have not determined the exact mechanism by which the biodegradabillty of the various polymers 
is altered when blended together into a shaped article for drug release, but the principle applied appears to be 
applicable to virtually any biodegradable polymer. Of particular interest are biodegradable polyesters, 45 
prepared from monomers such as lactones, dilactides, and tactic acid, as well as glycol ic acid and glycolides in 
general. Many of the suitable acids have been designated, as a class within the class of polyesters, as 
poly-a-hydroxy acids. Commercially available forms of polylactic acid (PLA) and polyglycolic acid (PGA) are 
sold under the tradenames Dexon and Vicryl. The polymers used to prepare the blend of the claimed invention 
can be homopolymers, or copolymers of two or more biodegradable materials. The only requirement for use In 50 
the claimed invention is that the polymer be biodegradable, and have a biodegradation rate, as a pure polymer, 
distinct from that of the other members of the blends. 

In general, biodegradation is the dominant form of release for sustained delivery of drugs of relatively high 
molecular weight, exceeding, e.g., about 500. The relatively high molecular weight of these drugs defeats or 
frustrates release through diffusion, controlled by polymer permeability. Additionally, where a temporary 55 
structure is contemplated such as a suture or scaffold, biodegradation Is the only method controlling long 
term bioerosion. 

To prepare the claimed invention, desirably, a blend of at least two biodegradable polymers is prepared. In 
general, the easiest method of preparation is to dissolve both in a common solvent. Alemativety, a melt blend 
may b prepared. From the blend, a wide variety of shaped articles can b provided. Included, without 60 
limitation, in the claimed invention are drug delivery systems comprising microcapsules. I.e., small capsules, 
1-250 microns, comprised of an exterior wail of the p lymer blend, containing drug on the insld ; 
microspheres I.e., particles of the same size with a suspension or solution of the drug Is dlstribut d through ut 
the polymer; implants designed for sustained release over time, which may either define a sealed, interior 
reservoir where the drug is loaded, or may comprise a matrix of the polymer bl nd, with drug solubilized or 65 
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otherwise contained therein. While, in this embodiment, some diffusion of th drug from the matrix surface 
may be an important mechanism for drug rei ase, under the above-noted constraints of moi cular weight, 
biodegradation is likely to continue to be a contributing factor to the rate of drug r lease. In many applications, 
distinguishing between one form and another becomes a tautolgy. However, for ease of definition, 

5 microcapsules, microspheres and the like may be defined as having a capsule size less than 1 millimeter, 
where shaped articles having an interior reservoir greater than 1 millimeter in size are described, generically, 
as inserts. r - ^ , * 

Also contemplated are biodegradable articles for in vivo use, such as sutures, scaffolds and the like. These 
may or may not comprise absorbed pharmaceuticals, but are generally not characterized by interior reservoirs. 

10 The blend of polymers may be comprised of virtually any ratio between the biodegradable polymers. 
However, in general, the greatest change in biodegradation rate, and therefore, the most marked effects of the 
claimed invention, are observed where, in a 2-component blend, both members are present in a range of 
10o/o-90%. In a 3-member blend, a minimum presence of about 15% for each blend member is desirable. 
Although blends comprised of more than three polymers can be envisioned, 1 it is unlikely that the desired 

15 biodegradation rate can only be achieved by such a complex mixture. Blending more than three polymers 
presents problems of compatibility, drug tolerance and the like. 

Virtually any drug may be employed in the claimed invention. As noted, since the claimed invention 
concentrates on controlling the rate of biodegradation of the polymer containing the drug, the drugs, in 
general, will have a relatively high molecular weight, as drugs of lower molecular weight conventionally are 

20 released through diffusion (permeability). However, where the polymer employed is sufficiently glassy to 
frustrate diffusion of even lower molecular weight drugs, this invention may be advantageously employed. At 
molecular weights of about 500, many drugs are released through both diffusion through the polymer matrix, 
and the errosion of the polymer. Such an application falls within the invention, as claimed below. 
Additionally, this invention provides a means for controlling the degradation of the polymer mass after the 

25 drug has diffused out entirely, or in siutations were drug release is entirely independent of biodegradation. 
It can therefore be seen that the claimed invention, offers, for the first time, a method of controlling the 
biodegradation rate of drug delivery articles and systems and articles designed for short term survival in vivo 
which does not require complex adjustment of a variety of monomers in the preparation of a copolymer. 
Because there is no chemical reaction between the blend components of the claimed invention, the chief 

30 governing parameter is blend compatibility. The use of blends, as opposed to copolymers, also gives a far 
wider range of physical properties, particularly different from their corresponding copolymers. 

Example 

Set forth below is an example of the invention, which is illustrative only, and not intended to limit the scope of 
35 the invention disclose herfein. * 
A 1:1 blend of poly(e-caprolactone) and poly(L-lactic acid-co-giycolic acid) was prepared by casting the 
polymers from a common solution in chloroform, and compression molding the resulting film. The rates of 
hyrolytic chain cleavage and weight loss of samples of this 1 :1 blend were measured in phosphate buffered 
saline at 37° C under conditions that are known to simulate the in vivo biodegradation process. The results of 
40 this experiment, summarized in Table 1 and Figure 1, demonstrate that the rate of poly(e-caprolactone) 
degradation is accelerated while the rate of degradation of poiy(L-lactic acid-co-glycolic acid) is slowed when 
these polymers are blended. Since po!y(L-lactic acid-co-glycolic acid) can be blended with po!y(e- 
caprolactone) in certain proportions without a marked change in permeability, relative to poiy(e-caprolactone), 
it is evident that such blending provides a means of selectively modifying the degradability with only minor 
45 changes in permeability. 
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Table 1. Rates of Hydrolytic Chain Cleavage of 

Poly(e-caprolactone) and Poly (glycolic-co- 
L-lactic acid) as Pure Polymers and as a 1:1 
Blend, as Reflected by Decrease of Molecular 
Weight (M n ) in Buffered Saline. • 



Time (Hours) 


Polymer 0 


235 


500 739 


12H3 


1752 



Pure Polymer 

PCL 83,200 79,250 76,200 79,800 71,100 73,800 
PGLA 20,500 13,200 6,600 3,800 480 

1:1 Blend 



PCL 



PGLA 



51,400 
6,800 



45,600 



5,300 



41,000 
5,400 



32,500 



2,900 



28,600 
1,600 



24,000 



1,150 



10 



15 



20 



25 



30 



35 



40 



Obviously, numerous modlficatfons and variations of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the scope of the appended claims, the Invention may be 
practiced otherwise than as specifically described herein. 



Claims 



1. An article for controlled drug delivery, wherein biodegradatlon of the article comprises at least one 
method whereby said article is used to achieve drug release, comprising: 

a shaped article containing said drug and further comprised of a blend of at least two biodegradable 
polymers having distinct Wodegradation rates, wherein the overall degradation rate of the shaped article 
is different from that of the Individual polymers comprising the blend. 

2. The article of Claim 1, wherein said blend Is compris d of two biodegradable polymers, both pr sent 
in a range of 10Q/6-90Q/0, by weight. 

3. The article of Claim 1 , wherein said drug has a molecular weight In excess of 500. 

4. The article of Claim 1 , wherein said polymers are comprised of homopolymers, copolymers or both. 

5. The article of Claim 1, wherein said polymers are derived from monomers selected from the group 
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consisting of e-caprolactone, DL- or L-lactic acid, and glycolic acid and are represented by one or more of 
the following chemical structures: 



10 



20 



30 



35 



0 O CH 3 O 

1 I I ■ 

-(CH 2 ) 5 -C-0- -CH 2 -C-0- -CH-^-C-O-. 



6. The article of Claim 1, wherein said article defines a microcapsule or microsphere, an implant in 
excess of V2 millimeter having a sealed Internal reservoir, or polymer matrix with drug absorbed therein. 

7. A shaped article for use as a temporary structure for in vivo use, which is biodegraded over time, 
comprising a blend of at least two biodegradable polymers having distinct biodegradable rates, wherein 

15 the overall degradation rate of the shaped article is different from that of the polymers comprising the 

blend. 

8. The article of Claim 7 in the shape of a suture. 

9. A method for preparing an article for temporary in vivo use, wherein biodegradation of the article 
comprises at least one method whereby said article is bioeroded overtime, comprising: 



preparing an intimate blend of at least two biodegradable polymers having distinct biodegration rates, 
and 

forming said polymer blend into a shaped article. 

10. The process of Claim 9, wherein each of said polymers is present in a weight ratio of 100/b-90<Yo. 

11. The process of Claim 9, wherein said polymers are derived from monomers selected from the group 
consisting of s-caprolactone, DL- or L-lactic acid, and glycolic acid and represented by one or more of the 
following chemical structures: 

0 O CHo O 

1 » l 3 1 

- ( CH 2 ) 5 -C-0- -CH 2 -C-0- -CH C-O- 



12. The process of Claim 9, wherein the article comprises a system for controlled drug delivery, wherein 
said polymers are blended so as to achieve a predetermined rate of biodegradation for the article. 

13. The process of Claim 9. wherein said blend is shaped into the form of a microcapsule or microsphere, 
40 implant of at least 1 / 2 millimeter defining a sealed internal reservoir or polymer matrix in which a drug may 

be absorbed. 
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Figure 1, Changes in molecular weight (M^ of 

poly ( e-caprolactbne) and poly (glycolic-co- 
L-lactic acid) as pure polymers and as a 1:1 
blend, in a buffered saline, pH 7.4. 
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